The p-xylylenediaminium bis(nitrate) compound have been synthesized and then, it was characterized by using Fourier Transform infrared (FT-IR) in the solid phase and, by using the Ultraviolet-Visible (UV-Visible) and Hydrogen and Carbon Nuclear Magnetic Resonance ( 1 H-and 13 C-NMR) spectra in aqueous solution and in dimethylsulfoxide solvent. In this work, two monodentate and bidentate coordination modes were considered for the nitrate ligands in both media in order to study the structural and vibrational properties of that salt. Hence, the natural bond orbital (NBO), atoms in molecules (AIM), Merz-Kollman (MK) charges, molecular electrostatic potentials (MEP) and frontier orbitals studies were performed for p-xylylenediaminium bis(nitrate) and their cation and anion species taking into account for the salt those two coordination modes for the nitrate ligands. The intermolecular interactions of this salt were also evaluated by Hirshfeld surface analysis. The B3LYP calculations performed by using the hybrid method and the 6-311G* and 6-311++G** basis sets generate monodentate and bidentate structures with C i and C 2 symmetries, respectively. The force fields and the force constants values for these two structures were also computed and their complete vibrational assignments were performed by using those both levels of theory. The strong band at 1536 cm -1 , the bands between 2754 and 2547 cm -1 and the bands between 1779 and 1704 cm -1 support clearly the presence of the dimeric species while the IR bands at 1986/1856 cm -1 could justify the presence of the bidentate species in the solid phase.
Introduction
The nitrate compounds and their structural and vibrational properties are very attractive to study from different points of view because the coordination modes of these groups have influence on their reactivities and on the stereochemistry of these compounds [1] [2] [3] [4] . Thus, they can be used in multiple applications such as precursors catalytic of numerous reactions, in biological treatment systems or as pharmacological products [1] [2] [3] [4] [5] . In this latter case, it is very important to know the pharmacokinetics and the mechanisms of action of nitrates groups because when they are employed in pharmacy, as in the glyceryl trinitrate case, their measurement of plasma concentrations are very difficult, as mentioned by Bogaert [6] . On the other hand, in inorganic compounds where these groups are linked to transitions metals, two monodentate or bidentate coordination modes can be observed in these nitrate ligands when two or three charges are present on the metal. For instance, in chromyl, vanadyl or niobyl nitrates those two coordination modes were observed on the CrO 2 2+ , VO 3+ and NbO 3+ groups, respectively [1, 2, 4] . Many organic nitrate esters, such as Glyceryl trinitrate, isosorbide dinitrate, and isosorbide-5-mononitrate are generally used in the treatment of angina pectoris, myocardial infarction, and congestive heart failure, as reported by Torfgård and Ahlner [5] . For all these reasons, their structural studies are of interest as well chemical as biologically. In this work, we have synthesized and studied p-xylylenediaminium bis(nitrate), an organic compound containing a p-xylylene C 6 H 4 (CH 2 ) 2 group in their structure where each CH 2 group is linked to a NH 3 + group which are connected to NO 3 - groups. Chemically, the p-xylylene groups undergoes rapid polymerization to poly-pxylylene and, for this reason, it is particularly interesting to also evaluate their properties from this point of view. In particular, when the p-xylylenediaminium structure is present in a compound interesting structural and biological properties were found [7] [8] [9] [10] . So far, only the structure for m-xylylenediaminium dinitrate was reported where the two nitrate groups are in meta positions in relation to the benzene ring [8] .
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4 program [18] . All non-hydrogen atoms were refined with anisotropic atomic displacement parameters. All the hydrogen atoms were placed in calculated positions and refined with fixed individual displacement parameters [U iso (H) = 1.2U eq (C) and U iso (H) = 1.5U eq (N)] according to the riding model (N-H bond lengths of 0.89 Å, and C-H (aromatic, methylene) bond lengths of 0.93 and 0.97 , respectively).
A final refinement on F 2 converged at R(F 2 ) = 0.030 and wR(F 2 ) = 0.082. The parameters used for the X-ray data collection as well as the strategy for the crystal structure determination and its final results are reported in Table 1 . An ORTEP [18] drawing of the molecular structure is shown in Fig. 1a .
Supporting information (CIF files) can be obtained from the CCDC database free-of charge via http://www.ccdc.cam.ac.uk/structure-summary-form quoting the CCDC reference number CCDC-1553215 or from the Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB21EZ, UK; or by email to deposit@ccdc.cam.ac.uk.
The theoretical initial structure of p-xylylenediaminium bis(nitrate) (PXDAN) was similar to that experimentally determined by X-ray diffraction where monodentate and bidentate coordinations were observed for both nitrate groups. Then, other theoretical pxylylenediaminium bis(nitrate) structure was proposed which was modelled by using the GaussView program [19] where the two nitrate groups have bidentate coordination modes. Those two different structures were later optimized by using the hybrid B3LYP method and the 6-311G* and 6-311++G** basis sets with the Gaussian 09 program [20] . Both structures with the nitrate ligands with monodentate and bidentate coordination modes can be seen in Figures 2 and 3 , respectively. The ionic interactions expected for both nitrate groups were evaluated by using the Mulliken, the atomic natural population (NPA) and the Merz-Kollman (MK) charges [21] because with it latter charge it is possible to compute the corresponding molecular electrostatic potential. The intermolecular interactions were also studied by Hirshfeld surface analysis which was carried out using the Crystal Explorer 3.1 software [22] imported on a CIF file. In this study, NBO calculations [23] were used to calculate the donoracceptor energy interactions while the topological properties were determined with the AIM2000 program [24] in accordance with the Bader's theory [25] . These calculations were performed in gas phase by using the Gaussian 09 program [20] .
The SQMFF procedure [13] and the Molvib program [14] were also used to compute the force fields for the two coordination modes taking into account their corresponding M A N U S C R I P T
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5 normal internal coordinates and potential energy distribution (PED) contributions ≥ 10%. Besides, the dimer of p-xylylenediaminium bis(nitrate) was also considered because many bands observed in the experimental infrared spectrum are also justified with bands related to this species. The dimeric species optimized by using the B3LYP/6-311+G* method present the two coordination modes, as shown in Figure 4 .
Here, it is necessary to clarify that the internal coordinates for both coordination modes of the nitrate groups were similar to those reported for other nitrate compounds [1] [2] [3] [4] while the corresponding to the ring are very simple and are widely known [26] [27] [28] and, for these reasons, they were not presented in this work.
The predicted ultraviolet-visible spectrum for this nitrate compound with both monodentate and bidentate structures were also predicted in aqueous solution and, in the dimethylsulfoxide solvent by using Time-dependent DFT calculations (TD-DFT) at the 6-311++G** and 6-311G* levels of theory, respectively with the Gaussian 09 program [20] . The optimizations of p-xylylenediaminium bis(nitrate) in these two solvents were performed by using the self consistent force field (SCRF) calculations with the PCM and SM models [29] [30] [31] . The volume variations that experiment p-xylylenediaminium bis(nitrate) in both solvents were computed with the Moldraw program [32] . The solvation energies predicted for PXDAN were also reported taking into account the two coordination modes expected for the nitrate ligands. On the other side, the reactivities and the behaviors of the salt and their cation and anion species in aqueous solution and in DMSO solvent were also predicted by using the frontier orbitals [33, 34] together with well-known descriptors in order to observe the effects of both ions on the salt properties [26] [27] [28] 35 ].
Results and discussion

X-ray diffraction
The asymmetric unit of the title salt, C 8 H 14 N 2 2+ .2NO 3 -contains one nitrate anion and a half of p-xylylenedaminium cation (Fig. 1a) , the complete dication is generated by crystallographic inversion symmetry. Bond distances and bond angles of PXDAN are listed in (Table 3) .
The structure is characterized by infinite sheets shaped by p-xylylenediaminium cations and nitrate anions through hydrogen bond types N-H…O and C-H…O. These sheets are parallel to the ab plane at z = ¼ and 3/4, which are linked to a further by additional hydrogen bonds along the c-axis, therefore forming the three dimensional infinite network (Fig. 1b) . [8, 36] .
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Assessment of the organic geometrical features (Table 3) shows that the pxylylenediaminium cation exhibits a normal spatial configuration with C-C and N-C distances and C-C-C, N-C-C, C-N-C and C-C-C angles quite similar to those found in xylylenediamine derivatives [ 8, 10] .
Both ammonium groups in organic cation adopt a trans conformation with respect to the benzene ring. The same conformation has been observed in other compound associated to the identical organic cation [37] .
All the hydrogen atoms bonded to the amine group of p-xylylenediaminium dication contribute to the formation of N-H…O hydrogen bonding pattern with nitrate anions (Table 2) . Organic cations are also connected together via C-H … interactions forming subsequently infinite chains spreading along the a-axis (Fig. 1c ).
H bonds (N-H…O), weak interactions (C-H … O and C-H … ), and van der Waals
contacts give rise to a three-dimensional network in the structure and add steadiness to this compound.
Structural study in gas and in solution phases
The theoretical p-xylylenediaminium bis(nitrate) structure is completely symmetrical and it was optimized by using B3LYP/6-311G* and 6-311++G** calculations with C i symmetry and null dipole moment and, where monodentate coordination modes are observed in the two nitrate groups. Besides, the NH 3 + groups have practically tetrahedral bond angles while the bonds N-H linked to the nitrate groups are longer than the other ones, as observed in Figure 2 . On the other hand, the other theoretical proposed PXDAN structure with bidentate coordination modes was optimized with C 2 symmetry and with imaginary frequencies by using 6-31G* and 6-311++G** basis sets while when the calculations were performed by using the 3-21G* and 6-311G* basis sets all frequencies were positive, indicating the possible existence of this structure in gas phase and/or in solution. Here, this structure was also considered in this study because the calculations with bidentate coordination modes in solution generate positive frequencies. Obviously, for the bidentate structures all calculations were performed by using the 6-311G* basis set because this level generate the most stable structure, as revealed by the results presented in Table S1 (supporting material). These results show M A N U S C R I P T The predicted corrected solvation energies PXDAN for all species studied by using the 6-311++G** basis set and considering both monodentate and bidentate coordination modes for the nitrate groups can be seen in Table S2 . These values were computed from the differences between the uncorrected values and the non-electrostatic terms (∆G c = ∆G un -∆G ne ) calculated from the universal SM calculations [31] . When the solvation energies are in detail analyzed we observed that the cationic species present higher values in solution than the other ones probably because it is a double charged species while the values for the nitrate anion are closer to the corresponding to the salt in water. Obviously, we expected that the charged ionic species are most hydrated in both solvents and, for these reasons, they have the higher values. Hence, the presence of the nitrate groups in PXDAN increases strongly the solubility of the salt, as compared with their p-xylylenediamine base while the presences of two additional 2H + in the base increase significantly the solvation energy of the cation in water from -47.67 kJ/mol in the base up to -821.55 kJ/mol in the cationic form.
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The theoretical parameters for those two coordination modes are compared in Table 3 with the corresponding experimental ones by using the root mean square deviation (RMSD) values while in Table 4 are presented the parameters for PXDAN in aqueous solution and in dimethylsulfoxide solvent. The calculations show that both ammonium groups in each cation present trans conformation with respect to the benzene ring, as was experimentally observed in similar studies [7] [8] [9] [10] 
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Here, the existence of the bidentate species in the solid state is supported by the concordance of practically all analyzed bond angles and by the low RMSD values calculated for these coordination modes, as indicated in Tables 3 and 4 .
In relation to the dihedral angles, both coordination modes show different behaviours in the three media, as observed in Figure S3 . For the monodentate coordination, we observed a similar behaviour in gas phase and in water while for the bidentate species the angles in water and in DMSO solution show a reasonable concordance. The dihedral C16-C11-N5-H6 and O32-N31-O29-H18 angles in the monodentate structure in all media are in very good concordance but, in the bidentate coordination modes only are in agreement the values of those angles calculated in gas phase and in DMSO solution.
The similarities in the bond lengths and angles calculated for both coordination modes together with the presence of both modes in the dimeric species clearly support the existence of those two coordination modes for the nitrate groups in the salt in the solid phase and, for these reasons, both structures can be used to perform the vibrational analysis.
Charges, molecular electrostatic potentials (MEP) and bond orders (BO)
The atomic Mulliken, MK and NPA charges, molecular electrostatic potentials and bond orders expressed as Wiberg indexes for PXDAN calculated by using the hybrid B3LYP/6-311++G** level of theory are observed for the monodentate case in Table   S3 while for the bidentate coordination it is observed in Table S4 . Note that in this latter case, for the bidentate coordination in water the calculation produces imaginary frequencies and, for this reason, the values are not presented here. Figure S4 Regarding the molecular electrostatic potentials values presented in Figure S6 shows the MEP surface mapped for the bidentate coordination of PXDAN calculated in gas phase at the B3LYP/6-311G* level of theory together with the MEP surface mapped for the nitrate ion. Obviously, the ion presents a strong red color on the entire surface, as expected because it is a negative ion while when these groups have bidentate coordination to the p-xylylenediaminium cation in PXDAN in gas phase green colorations are observed on these two groups. Here, that green colour could probably be justified because the calculations were performed in gas phase while in solution these groups are as ions.
Analyzing the bond order values from Table S5 for all atoms belong to both coordination modes, evidently both NO 3 -and NH 3 + groups also have the same values because both groups are symmetrical, as observed in the three charges values. Here, the monodentate coordination in gas phase present higher values that the other coordination mode in the same medium but, in solution the values for the O atoms decrease while for the N atoms slightly increase. In general, lower BO values are observed in the O1 and O29 because they are linked to the H6 and H18 atoms, respectively and, where these atoms also present the lowest values.
Study of intermolecular interactions by Hirshfeld surface analysis
The embedding and crystalline architecture of synthesized material were evaluated by Hirshfeld surface analysis [22] . This analysis provides the opportunity to obtain a quantitative overview of contacts and intermolecular interactions and illustrated on the curvedness mapping exclude the presence of -interactions in our crystal structure [39] . Quantitative measurements such as molecular volume, surface area, globularity and asphericity were also calculated using Crystal Explorer 3.1 and collected in Table   5 . Note that the term of globularity [40] (0.781) is less than unity this implying a more structured molecular surface. In addition, asphericity (0.098) [41, 42] 
NBO and AIM studies
The study of the stabilities of PXDAN is the particular interest because their theoretical structure is completely symmetrical where the two nitrate groups can have coordination monodentate or bidentate. Hence, the knowledge of the interactions is important in relation to their stabilities in the different media. The NBO and AIM calculations [23, 24] were performed for PXDAN taking into account those two possible atoms belong to the NH 3 groups. We observed that these latter interactions contributed in their higher part to the total energy. Table S7 shows clearly that the bidentate species is most stable than the monodentate one, especially in the DMSO solvent where the ∆ET σ*→ σ* and ∆ET π*→ σ* transitions are the main contributions to the total energy.
The topological properties were calculated considering both coordination modes of PXDAN because these parameters are useful to predict their intra-molecular interactions. The AIM2000 program [24] was used to compute the electron density, ρ(r), the Laplacian values, ∇ 2 ρ(r), the eigenvalues (λ1, λ2, λ3) of the Hessian matrix and, the | 1|/ 3 ratio calculated in the bond critical points (BCPs), as suggested by
Bader [25] . These parameters for both coordination modes of PXDAN in gas phase, aqueous solution and in DMSO solvent are presented respectively in Tables S8 and S9 .
When the ratio is | 1|/ 3 < 1 and ∇ 2 ρ(r) > 0 the interactions are attributed to H bonds formations and to the ionic interactions. In this case, the parameters were also computed in the ring critical points (RCPs) of the benzyl ring and, of the new rings formed as a consequence of the new H bonds (RCPN). Table S8 show that the monodentate species is most stable in aqueous solution because five interactions are observed in this medium while in gas phase only four and in DMSO only two interactions are observed. Thus, in the monodentate case, the two O1→H6 and O29→H18 interactions together with the O2---C9 and O30---C21 connections are observed. The bidentate species is clearly most stable than the monodentate ones because in gas phase are predicted a total of six H bonds interactions while only four interactions are predicted in DMSO solvent. Hence, the O1→H6, O2→H8, O29→H18, O30→H20 interactions together with the O2---C9
and O29---C14 connections give to the bidentate species a great stability in gas phase.
HOMO-LUMO and descriptors studies
When the organic nitrates are employed as a drug it is indispensable to predict the reactivities and behavior in the different media because these parameters can be useful to elucidate the pharmacokinetics and the mechanisms of action of the nitrates groups in the different media. In addition, antioxidant, antibacterial and antifungal activities were observed for m-Xylylenediaminium-bis (p-toluenesulfonate) monohydrate [9] . For these reasons, the frontier orbitals and some descriptors [33] [34] [35] were computed for PXDAN in all studied media considering the two coordination modes of the nitrate groups by using the hybrid B3LYP method. Therefore, Table S10 shows the calculated HOMO and LUMO orbitals, energy band gap, chemical potential ( ), electronegativity ( ), global hardness ( ), global softness (S), global electrophilicity index ( ) and global nucleophilicity index (Ε) by using 6-311++G** basis set for the monodentate coordination while the 6-311G* basis set was used for the bidentate coordination. The values were compared with those calculated for the p-xylylenediaminium and nitrate ions in the three studied media and with those parameters reported for antimicrobial agents such as the two 1,3-benzothiazole tautomers, thione and thiol [44] , for antiviral agents such as, thymidine [45] and, for toxic species such as the CN -, CO and saxitoxin [35] . Analyzing in detail the gap results we observed that despite the bidentate form has a higher stability, as supported by NBO and AIM studies, the monodentate form present lower reactivity in the three media because the gap values in gas and DMSO solvent are slightly higher than the corresponding to the bidentate form. When the gap values for the two ions are evaluated we observed that the p-xylylenediaminium cation present higher values in the three media than the nitrate anion. Hence, these values show clearly that the ions are less reactive than PXDAN in gas and aqueous solution while when these values are compared with parameters reported for those species with different activities, we observed that the gap calculated for the monodentate form in gas phase is comparable to the value observed for thymidine [44] . On the other hand, the gap values for PXDAN in DMSO with both coordination modes have values closer to the thiol form [43] while the monodentate form in water presents values closer to the toxic agent saxitoxin [35] . If the descriptors for both coordination modes of the nitrate groups are compared in all media their behavior are approximately similar but higher values are observed for the monodentate form than the bidentate ones while Figure S7 shows that there are clear differences in the global electrophilicity indexes between both forms in DMSO and in the nucleophilicity indexes for both forms in gas phase. Note that the global electrophilicity indexes for p-xylylenediaminium in the three media are similar to that value calculated for saxitoxin while these indexes diminishing in the monodentate coordination of PXDAN in the three media, having the lower value in DMSO, as
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15 observed in Table S10 . In addition, these indexes in the bidentate form in gas and, in DMSO present lower values than the monodentate one.
Vibrational study
The experimental PXDAN structure shows monodentate coordination for both nitrate groups but in accordance with studies reported from the literature it is not possible the differentiation between monodentate and bidentate nitrate groups based only on their infrared and Raman spectra [45, 46] . Later, both coordination modes for the nitrate groups of PXDAN should be considered in this analysis. Hence, the optimized structure in gas phase by using B3LYP/6-311++G** level of theory where their two nitrate groups present monodentate coordination modes has C i symmetry, in accordance with the experimental structure determined by X-ray diffraction. On the other hand, the theoretical proposed structure for PXDAN where both nitrate groups have bidentate coordination modes was optimized by using the 3-21G* basis set with C 2h symmetry which was confirmed by all positive frequencies. On the contrary, imaginary frequencies were obtained for this same structure by using 6-31G* basis. Table   7 . The assignments for the dimeric monodentate species are also included in Table 5 .
Here, it is necessary to clarify that the assignments for the monodentate and bidentate forms were performed taking into account the potential energy distribution (PED) contributions 10% determined by the SQM procedure [13] while for the dimeric species was used the GaussView program [20] . In Figure 7 is presented the experimental infrared spectrum compared with those predicted in gas phase for both coordination modes including the dimeric species while the predicted Raman spectra for both coordination modes in gas phase can be seen in Figure 8 . Figure 6 shows clearly that the monodentate species are not the only present in the solid phase because the strong band predicted for this species at 2477 cm -1 it is not observed in the experimental spectrum and, besides the predicted strong band at 1989 cm -1 for the bidentate species is not observed in the experimental spectrum. Hence, both coordination modes are present M A N U S C R I P T
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16 in the solid phase, as observed in Figure 3 groups. These groups were assigned taking into account C 3v symmetry where the two N5---H6 and N17---H18 bonds coordinated to the nitrate groups have the same characteristics in the monodentate form (see Fig. 1 ) while in the bidentate one the N5---H6 and N5---H8 bonds together with the N17---H18 and N17---H20 bonds (see Table   4 . In m-xylylenediaminium-bis (p-toluenesulfonate) monohydrate [9] these modes are observed in the same region. Here, the symmetry of these modes cannot be assigned because the Raman spectrum for the compound is not presented. In the dimeric species, these stretching modes are predicted between 3550 and 3394 cm -1 . Here, it is very important to mention that both coordination modes for the nitrate groups are observed in the dimeric species, as shown in Fig. 3 and 681 cm -1 . Obviously, these modes were assigned to the shoulders and bands located in this region. In the two equivalent bidentate nitrates these deformation modes were assigned to the weak IR band at 731 cm -1 together with the rocking modes because these modes are predicted at 717 cm -1 . The wagging modes for both coordination modes are predicted in different regions, thus, in the monodentate case are observed at 652 cm -1 while in the bidentate form are predicted at 821 cm -1 . The torsion modes for the monodentate form are predicted at 76 cm -1 while for the bidentate species these modes are defined as O1-H6, O2-H8, O29-H18 and O30-H20 torsions and, they are observed between 333 and 32 cm -1 , as indicated in Table 5 .
Skeletal groups.
In the bidentate form, the B3LYP/6-31G* calculations predicted the C=C stretching modes corresponding to the benzyl rings of pxylylenediaminium at 1622 cm -1 , as reported in other similar compounds [26] [27] [28] 44] while in the monodentate form are predicted between 1603 and 1561 cm -1 .
Consequently, they are assigned in these regions, as predicted by calculations. On the other hand, the SQM calculations predict the C-C stretching modes for both coordination modes between 1243 and 711 cm -1 while the C-N stretching modes for the bidentate species is predicted at 978 cm -1 and for the monodentate form between 975
and 962 cm -1 . Hence, they were assigned accordingly. The three expected deformation and torsion rings are predicted normally in the 1000-200 cm -1 region [26] [27] [28] 44] . Here, the calculations predicted these modes in different regions for the monodentate and bidentate nitrate groups; hence, they obviously are assigned in accordance with the calculations, as shown in Table 5 . The other skeletal modes have been assigned according to SQM calculations and they are summarized in Table 5 .
Force Field
In Table 8 it is presented the force constants for p-xylylenediaminium bis(nitrate) calculated considering both monodentate and bidentate coordination modes for the nitrate groups which were compared with those reported for chromyl nitrate [1] [2] [3] . The constants were calculated from SQM calculations and by using the Molvib program Here, it is very important to note that the value for f(δO=N=O) belong to the monodentate coordinaton modes is lower than that observed for the bidentate f(δO-N-O)
form probably because the corresponding angles present higher value in the bidentate coordination, as can be seen in Table 1 . Also, the differences observed could be attributed to the different calculations, that is, different basis sets were used for both 
NMR study
In Figure 9 it is presented the experimental 1 H-and 13 C-NMR spectra of pxylylenediaminium bis(nitrate) in DMSO solvent while in Tables S11 and S12 are summarized the calculated shifts for both 1 H and 13 C nuclei compared with those calculated for both coordination modes of PXDAN by using the GIAO method [47] .
Here, the RMSD values were used to compare the calculated shifts for both nuclei of PXDAN with the corresponding experimental ones. Besides, our results were also compared with those experimental obtained for m-Xylylenediaminium-bis (ptoluenesulfonate) monohydrate [9] . These results show a very good correlation for the monodentate form probably because in the bidentate case the basis set used is not the recommended for this study. On the other hand, the calculated shifts for the H6 and H18 atoms were not experimentally observed due to that these atoms are coordinated to the O atoms of the nitrate groups, as revealed by the AIM analyses for the two coordination modes (Tables S8 and S9 when they are compared with the experimental ones but Table S12 shows that the higher differences are obtained when are compared with m-xylylenediaminium-bis (ptoluenesulfonate) monohydrate [9] .
Electronic spectra
The experimental electronic spectra for PXDAN were recorded in water and in DMSO solvents while for the monodentate coordination modes the UV-Vis spectrum was predicted in water at the B3LYP/6-311++G** level of theory and for the bidentate coordination was predicted in DMSO by using B3LYP/6-311G* level of theory. The experimental and predicted spectra are compared in Figure S8 . were attributed to the chromyl groups. In PXDAN, the broad and intense band at 227.4 nm and the other at 245.6 nm can be easily assigned to the nitrate groups and to π→π* transitions due to the C=C double bonds, as reported for species with those bonds [49, 50] . Obviously, in the predicted spectra for both coordination modes the intensities and positions of the bands are underestimated, as compared with the experimental ones in both media.
Conclusions
In this work, the p-xylylenediaminium bis(nitrate) was synthesized and characterized by using FTIR, UV-visible and 1 H-and 13 C-NMR spectroscopies. Two different structures were theoretically proposed for PXDAN considering monodentate and bidentate coordination modes for the nitrate groups which were optimized with C i and C 2 symmetries by using B3LYP/6-311++G** and B3LYP/6-311G* methods, respectively.
The similarities observed between the predicted parameters for the bidentate M A N U S C R I P T M A N U S C R I P T M A N U S C R I P T 
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